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ABSTRACT 
BACKGROUND: Complete AVM obliteration could be achieved through microsurgery, 

endovascular techniques, or radiosurgery (focused radiation), in single or combined mannar. 

Each treatment option has associated risks and benefits 

AIM OF THE STUDY: Our clinical study presents a prospective study of cerebral AVMs 

treated with endovascular embolization followed with gamma knife radiosurgery. We 

analyzed the clinical and angioarchitectural outcomes as well as the complications. Finally 

we tried to find out the predicting factors for the success of this combined modality 
PATIENTS AND METHODS: Thirty nine patients with cerebral AVMs were treated 

endovascular embolization followed with gamma knife radiosurgery a t  The International  

Medical  Centre in Cairo and studied analytical ly a t  THE Benha University 

Hospita l from the beginning of January 2016 to the end of December 2021. 
RESULTS: Factors that may predict the outcome clinically are: 

i. Age  

ii. Pre interventional mRs. 

iii. Nidal  configuration. 

iv. Spetzler-Martin  grade. 

v. AVM size 

 Factors that may predict the outcome radiologically are  

i. AVM size. 

ii. Nidal  configuration. 

iii. Spetzler-Martin  grade. 

CONCLUSIONS: Endovascular embolization followed by stereotactic radiosurgery is 

considered  a feasible management modality  for most cases of grade III and Grade IV 

lesions with satisfactory rates of nidal obliteration.  

KEYWORDS: cerebral AVM, endovascular embolization, Gamma knife radiosurgery 

ABBREVIATIONS: AVM: Arteriovenous malformations 

                                   MR:  Magnetic Resonance 

                                   DSA: Digital Substraction Angiography 

                                   S.M.: Spetzler- Martin 

                                   SRS: Stereotactic Radiosurgery 

                                    

  INTRODUCTION 

Intracranial AVMs are relatively rare but can cause serious neurological 

symptoms up to death.
1,2,3,4

 Intracranial hemorrhage occurs at an average 

annual rate of 2 - 4%.
5
 At present, there are four major treatment options 

available for the patients with an intracranial AVM:
5,6,7 

 Conservative approach with the risk of hemorrhage, occurrence of 

seizure or neurological deficit.
8,9,10

  



 

2 
 

 Complete AVM obliteration through microsurgery, endovascular 

techniques, or radiosurgery (focused radiation), in single or 

combined mannar.
11,12,13

 Each treatment option has associated 

risks and benefits.
14,15,16,17

  

Reduction of the AVM nidus size by endovascular embolization can help 

total obliteration of the nidus by radiosurgery while minimizing the 

radiation dose and its hazards.
18,19 

OBJECTIVES 

Our clinical study presents a prospective study of cerebral AVMs 

treated with endovascular embolization followed with gamma knife 

radiosurgery. We analyzed the clinical and angioarchitectural outcomes 

as well as the complications. Finally we tried to find out the predicting 

factors for the success of this combined modality 

PATIENTS AND METHODS 

Patient Selection. Thirty nine patients with cerebral AVMs were treated 

endovascular embolization followed with gamma knife radiosurgery at 

The World Medical Centre in Cairo and studied analytically at 

The Benha University Hospital from the beginning of January 2016 

to the end of December 2021. 

   Medical charts, operative reports, SRS records, and pre- and 

posttreatment imaging results including MR and digital subtraction 

angiography (DSA) were carefully reviewed to determine patient 

demographics, AVM characteristics on the Spetzler Martin grading 

system (Table 1), procedural complications, posttreatment cerebral 

hemorrhage, radiological AVM obliteration, and neurological outcome. 

   Clinically we depended upon the modified Rankin Scale to determine 

the degree of patient disability both before treatment and in each follow-

up visit thereafter (Table 2) 

Embolization Protocol. Embolization was performed with a liquid 

embolic agent Onyx. Embolization sessions were performed at 6-week 

intervals, as necessary, until the AVM nidus had been reduced to a 

volume of less than 10 cc. Targets were often selected that would treat 

and obliterate deeper portions of the nidus and those with large volume. 

Following Schwyzer et al.
19

 and zhao et al. 
4 

Our strategy with 

embolization was to achieve volume reduction and not flow reduction and 

ideally to target fixed portions of a nidus that would allow for a discrete 

nidus when targeting with SRS. Postembolization AVM size was 

calculated during SRS planning. 

Stereotactic Radiosurgery Protocol. A stereotactic head frame was placed 

for all patients using local anesthesia supplemented by intravenous 
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sedation. Next, biplane digital subtraction stereotactic angiography was 

performed followed by MR imaging . Volumetric 3D dose planning was 

performed using Leksell Gamma Plan software. SRS was performed with 

Leksell Gamma Knife units (Elekta AB). The median margin dose was 

21Gy. 

Follow-Up Evaluation. Radiological success was defined as complete 

AVM obliteration on DSA (total disappearance of the nidus and early 

draining veins) or, alternatively, on MR angiography (total disappearance 

of the nidus and flow voids) for patients with poor overall medical 

condition or for those refusing follow-up DSA. The median follow-up 

after SRS session was 38 months (range 16–36 months). 

Statistical Analysis. Data are presented as median and range for 

continuous variables and as frequency for categorical variables. 

Univariate survival analysis was carried out to test covariates predictive 

of treatment obliteration. Factors predictive in univariate analysis (𝑃 < 

0.20) were entered into a multivariate model. 𝑃 values of ≤0.05 were 

considered statistically significant. Statistical analysis was carried out 

with SPSS16. 

 
Table 1: modified Rankin scale

20 

 
Table 2:Spetzler-Martin grading system

19 

RESULTS 

Angioarchitectural  AVM  data: 

15 (38.5%) were S.M grade III, 11 patients (28.2%) had S.M grade IV, 11 

patients (28.2%)had S.M grade II, one patient with GI and one patient 
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with grade V. AVM nidal size was less than 3 cm  in 17 patients (43.6%), 

3-6 cm in 20 patients (51.3%) and only two patients had nidal volume 

larger than 6cm. Both patterns of venous drainage were present; 

superficial in 16 patients 41% and deep in 10 patients 25.6%. Nidal 

volume ranged from 2.1 ml  up to 25.5 ml with mean (10.71 ± 6.79). 

Venous drainage 

Superficial 16   (41%)   

Deep 10  ( 25.6%)   

Both 13     (33.4%)   

Nidal  configuration 

Compact 23 ( 59 %)   

Diffuse 16  (41 %)   

 AVM Size 

Small   17  (43.6%)   

Medium 20 (51.3%)   

Large 2(5.1%)   

S-M grade 

I 1(2.6%)   

II   11(28.2%)   

III 15(38.5%)   

IV 11(28.2%)   

V    1(2.6%)   

Table (3): Angioarchitectural  AVM data  
 

 The Main clinical presentation : 
* Hemorrhage: 

13  (33.3%) patients  presented with intracranial hemorrhage (ICH).  

* Seizures: 

12 (30.8%) patients presented with seizures. 

* Headache 

8 (20.5%) patients presented with headache. 

* Neurological  deficit 

5 (12.8%) patients presented with neurological deficit in the form of 

motor, sensory, and visual affection.  

* Accidental finding  

One  (2.6%) patient was accidentally discovered  

Procedure related complications: 

Complications related to procedure  occurred in  18 (46.2%) patients; 

most frequent complication was the motor deficit occurred in 10 

(25.7%) patients ,followed by seizures occurred in 3 (7.8%) patients, 

hemorrhage in 2(5.1%),visual diminution in 2(5.1%) and only one 
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patient (2.5%) experienced gait disturbance. 
 

 

Variable No complication Complication Total P value 

Age    

Young 15(80%) 5(20 %) 20(51.2 %) 0.007** 

      adult 6(31.5%) 13(68.5 %) 19(48.8%) 

Pre   mRS   

0 8(100 %) 0(0.0) 8(20.5%) <0.001*** 

1 11 (64.7%) 6(35.3%) 17(43.5%) 

2 2(15.3%) 11 (84.7%) 13(33.3%) 

3 0(0.0) 1(100%) 1( 2.7%) 

S.M grade   

1 1 (100%) 0(0.0) 1(2.6%) 0.004** 

2 9 (81.9 %) 2(18.1%) 11(28.2%) 

3 10 (66.7 %) 5 (33.3%) 15(38.5%) 

4 1(9%) 10 (91%) 11(28.2%) 

5 0 1(100%) 1(2.6%) 

Size    

Small 15(88.2%) 2(11.8%) 17(43.6%) <0.001*** 

Midium 6(30%) 14(70%) 20(51.3%) 

large 0 2(100%) 2(5.1%) 

Table(4): Correlation between the rate of complications : and the age, the preprocedural 

neurological condition  by  (mRs), S-M grade and  size of AVM nidus (***) means high statistical 

importance, (**) means statistical importance 

Variable No complication Complication Total P value 

Nidalconfig  

compact 18(78.2%) 5(21.8 %) 23(59 %) <0.005** 

diffuse 3  (18.8%) 13(81.2 %) 16(41 %) 

Venous drainage  

superficial 11(68.7) 5(31.3%) 16(41%) 0.28 
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Deep 4(40%) 6 (60 %) 10(25.6%) 

Both 6(46%) 7 (54%) 13(33.4%) 

Clinical presentation  

Seizures 7(58.3 %) 5(41.7%) 12(30.8%) 0.26 

ICH 4 (30.7%) 9 (69.3%) 13 (33.3%) 

N deficit 3(60  %) 2(40%) 

 

5(12.8%) 

H/A 6(75%) 

 

2(25%) 8(20.5%) 

Accidental 1(100%) 0 1(2.6%) 

Table (4):Correlation between the incidence of complications and the  nidal configuration , 

the venous drainage and  the clinical presentation (***) means high statistical importance, (**) 
means statistical importance  

There were statistical significance between the  rate of complications  and 

the following factors :  

 Age group. 

 Pre interventional mRs. 

 Nidal  configuration. 

 Spetzler-Martin  grade. 

 AVM size group. 

The relation of post procedural complications was highly significant 

to the Pre interventional mRs and  AVM size group.  

While the rate of complications did not significantly correlate to: 

 Venous drainage. 

 The clinical presentation. 
 

The Clinical outcome: 

* Early clinical outcome 

23 (59%) patients had no significant post endovascular deterioration 

in the neurological condition according to modified  Rankin score  

(mRs). 16 (41%) patients had developed deterioration in the 

neurological condition.  

 This evaluation was done immediately after the endovascular 

embolization and during the following few hours especially when  

seizures occurred post interventional waiting till regaining baseline 

neurological condition. 

* Late clinical outcome: 

At long term follow up for the patients following them at 6,18, and 36 
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months post radio surgery  no patient was found to develop new 

disabling  neurological deficit additional to that of the pre procedural 

condition. Meanwhile, improvement of the neurological condition 

occurred in seven (18 %) patients of this group in the form of 

improvement of motor power grade and seizures control. 

Neurological 

condition 

Post 

Embolization 

Post 

Radiosurgery 

Improvement or the 

same 23 (59%) 30 (77%) 

Deterioration 16 (41 %) 9 (23 %) 

Total 39(100%) 39(100%) 

Table (5): Comparison  between early and late clinical condition. 

* Late  clinical outcome according to presenting symptoms: 

* Hemorrhage: 

13 (33.3%) patients presented with intracranial hemorrhage (ICH). Three 

patients experienced attack of  minor ICH, occurred post embolization. 

They did not underwent SRS till complete resolution of the hematoma, 

for better demarcation of nidal radiation in gamma plan.    

* Seizures: 

12 (30.8%) patients presented with seizures, most of them were 

controlled postoperatively with proper  medical treatment. 

* Headache 

8 (20.5%) patients presented with headache, most of them had 

significant improvement as regard severity and duration of headache 

attacks, only one patient needed treatment by analgesics. 

* Neurological  deficit 

5 (12.8%) patients presented with neurological deficit in the form of 

motor, sensory, and visual affection, one of them showed improvement 

of motor power ,and another one showed improvement of vision.  

* Accidental finding  

 The only one patient of this group  who was accidentally discovered  had 

no neurological deterioration. 

Variable The same mRs 

or improved 
Deteriorated Total P value  

Age   

Young 17(80%) 3(20 %) 20(51.2 %) 0.22 

Adult 13(31.5%) 6(68.5 %) 19(48.8%) 
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S.M grade  

1 1 (100%) 0 1(2.6%) 0.01* 

2 10 (90.9 %) 1(9.1%) 11(28.2%) 

3 14 (93.3  %) 1 (6.7 %) 15(38.5%) 

4 5(45.5%) 6 (54.5%) 11(28.2%) 

5 0 1(100%) 1(2.6%) 

Size    

Small 16(94.1%) 1(5.9%) 17(43.6%) 0.003*** 

Midium 14(70%) 6(30%) 20(51.3%) 

Large 0 2(100%) 2(5.1%) 

Nidal config  

Diffuse 9(56.3%) 7(43.7%) 16(41 %) 0.011* 

Compact 21(91.3%) 2(8.7%) 23(59%) 

Clinical presentation  

Seizures 8(66.7 %) 4(33.3%) 12(30.8%) 0.82 

ICH 10 (77%) 3 (23%) 13 (33.3%) 

N deficit 4(80  %) 1(20%) 
 

5(12.8%) 

H/A 7(87.5%) 

 

1(12.5%) 8(20.5%) 

Accidental 1(100%) 0 1(2.6%) 

Table(6): Correlation between the clinical outcome : and the age, S-M  grade,  size of AVM 

nidus, nidal configuration and clinical presentation (***) means high statistical importance, (**) 
means moderate statistical importance (*)  means low statistical importance 

There were  statistical significance between the  clinical outcome  and the 

following factors :  

 AVM size. 

 Nidal  configuration. 

 Spetzler-Martin  grade. 

The relation was strongly significant to the Pre interventional mRs 

and  AVM size group.  

While the clinical  outcome did not significantly correlated to: 

  Age. 

 The   clinical presentation. 
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Angioarchitectural  outcome: 

•  Early Radiological outcome: 

Total  nidal  obliteration  was  achieved  post procedural  in only three  

(7.7%) patients of  this  group  during  immediate evaluation post 

endovascular embolization  they experienced  minor bleeding (ICH) due 

to partial recanalization. Subtotal nidal obliteration occurred  in  25 

(64%) of  patients. The range  in 5  (12.9%)of them was (90 - 95%), and  

also in 20 (51.2%) patients of them to lesser extent (75 - 90%) 

obliteration. While partial nidal obliteration (less than 75%)occurred in 

11 (28.2%) of patients.  

Late  Radiological  outcome: 

The  total  nidal  obliteration  was  achieved  postprocedural   in  22 

(56.4%) patients of  this  group (via a follow up along  12, 24, 36 

months post procedural). Subtotal nidal obliteration occurred  in  

11(28.2%) patients  ranged from (70 % - 95%). Three (7.7%) patients 

had  lesser extent of nidal obliteration (less than 70%). Only three  

patient (7.7%) had non fatal rebleeding. 

  

Variable Total oblitration subtotal  

oblitration 

Total P value 

Sizegroup 

Small 16(94.1%) 1(5.9%) 17(43.6%) 0.004** 

Midium 5(25%) 15(75%) 20(51.2%) 

Large 1(50%) 1(50%) 2(5.2%) 

S.M grade 

1 1(100%) 0 1(2.6%) 0.002** 

2 10(90.9%) 1(9.1%) 11(28.2%) 

3 10(66.7%) 5(33.3%) 15(38.5%) 

4 1(9.1%) 10(90.9%) 11(28.2%) 

5 0 1(100%) 1(2.6%) 

Nidal configuration 

Compact 18(78.3%) 5(21.7%) 23(59%) <0.001*** 

Diffuse 4(25%) 12(75%) 16(41%) 

Venous drainage 
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Superficial 9(56.3%) 7(43.7%) 16(41%) 0.37 

Deep 4(40%) 6 (60 %) 10(25.6%) 

Both 9(69.2%) 4 (30.8%) 13(33.4%) 

Number of Embolization sessions 

Once 17(56.6%) 13(43.4) 30(77%) 0.24 

(1-3) sessions 4(57%) 3(43%) 7(18%) 

More than 3 1(50%) 1(50%) 2(5%) 

Radiotherapeutic dose 

12-15 gry 12(52%) 11(48%) 23(59%) 0.65 

15-20 gry 2(50%) 2(50%) 4(10.2%) 

20-25 gry 8(66.6%) 4(33.4%) 12(30.8%) 

 

Table(7): Correlation between the rate of nidal oblitration and the S.M grade, venous 

drainage and nial size and configuration (***) means high statistical importance, (**) means 

moderate statistical importance 

The percentage of nidal oblitration  was statistically significant to the  

following factors: 

 AVM size. 

 Nidal  configuration. 

 Spetzler-Martin  grade. 

The relation was strongly significant to the AVM nidal configuration.  

While the rate of  nidal oblitration  did not significantly correlated to the 

following:  

 The venous drainage. 

 Radiotherapeutic dose.   

 The number of sessions of endovascular embolization. 
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Fig.(1): (a) Non contrasted C.T brain : showing Rt occipital ICH with intraventricular extension, (b) 

T2WI axial MRI cuts: showing the AVM  diffuse nidus. (c) 3D MR  angiogram 

anteroposterior and  lateral  views  showing the nidus  (d) anteroposterior and  lateral 

carotid angiograms; showing sizable residual of the AVM nidus suitable for SRS. (e) 

Follow up  carotid angiogram  (A-P &Lateral) views  36 months after stereotactic Gamma 

Knife; showing AVM nidal  residual  (arrow) for further management by another session of 

Gamma Knife. 
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Fig.(2): (a) T1WI axial MRI brain with contrast, and  (b) 3D  MRA done showing  RT 

posterior  parietal AVM .The nidal diameter was 2.9 cm and the AVM was S-M grade II. (c) 
pre and postembolization lateral carotid angiograms (d) stereotactic radiosurgery with gamma 
knife for the residual nidus (e) A-P & lateral  RT carotid angiograms :  confirming  total nidal 

obliteration. 

DISCUSSION 

  Zhao et al., reported a frequency of 43% for the hemorrhagic 

presentation of AVMs. Headache was the second common clinical 

presentation and constituted 25%. Seizures occurred in 17% while 

neurological deficits occurred in 9%.
4 

In a comparative study to assess the role of preradiosurgical 

embolization Izawa et al. reported the results of AVM treatment with 

radiosurgery. No case of this series showed major complications or 

significant adverse effects met either after embolization or after 

radiosurgery. Long term morbidity rate was 7% in the cases that received 

preradiosurgical embolization and 9% in the cases that received sole 

radiosurgery. The delayed hemorrhagic risk was 0% and 3% in both 

groups respectively. In their study all outcome characteristics, namely, 

obliteration rate, long-term morbidity rate, incidence of delayed 

hemorrhage, and cyst formation, did not show statistically significant 

differences.
5
 

   Complete obliteration of AVM was attained in (67%) of cases in the 

study conducted by Izawa et al. It was obtained  in average 2.9 ± 0.8 

years after Gamma Knife radiosurgery. Partial obliteration (>50% 

reduction of the nidus volume) was noticed in 20% of cases, and less 

than 50% reduction of the nidus volume occurred  in 13% of cases with 

an average follow-up of (4.2 ± 2.4 years). Complete obliteration of 

AVM had statistically significant associations with smaller nidus 

volume both at the time of diagnosis and before  Stereotactic Gamma 

knife . The other evaluated factors ; patients' sex and age, presentation of 

the disease, time interval between embolization and radiosurgery, and 

marginal prescription isodose used did not reach the level of statistical 

significance 
5 

Kano et al., reported  a total occlusion rate of (33.3%). Following 

48 patients with supra tentorial AVM managed by stereotactic 

radiosurgery after embolization, accepted rates of partial nidal 

obliteration after embolization ranged from (15% - 80%) of nidal volume 

following the patients for 28 – 32 months after radiosurgery may explain 

the low percentage of total occlusion.20 (41.6%) patients achieved near 

total obliteration rate. 12 patients (25.1%) had partial nidal obliteration 

(50 – 80 %). The percentage of nidal obliteration was statistically 

significant to the Spetzler - Martin grade and nidal volume .
11 

  Total AVM nidal obliteration was also reported from  Schwyzer et 
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al. series as high as (72%) of patients  following them  in long-term 

periods mean 6.8 years ± 1.4 years ranged from 3.2 years to 8.5 years. 

This long-tem follow up made the higher rates of total obliteration is 

clearly logic due to insidious effect of the radiosurgery. The other  (28 %) 

achieved accepted rates of obliteration ranged from (70-90%).
19 

 

  CONCLUSIONS 

    Endovascular embolization followed by stereotactic radiosurgery is 

considered  a feasible management modality  for most cases of AVM 

lesions with satisfactory rates of nidal obliteration.  

Factors that may predict the outcome clinically are: 

vi. Age  

vii. Pre interventional mRs. 

viii. Nidal  configuration. 

ix. Spetzler-Martin  grade. 

x. AVM size 

 Factors that may predict the outcome radiologically are  

iv. AVM size. 

v. Nidal  configuration. 

vi. Spetzler-Martin  grade. 
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 الولخص العزبي

 الشزيبنية الىريجية ببلوخالعىاهل الونبئة بنبتج التشىهبت 

الذين اجزي لهن انصوبم تداخلي هتبىعب بسكينة جبهب 

 الاشعبعية

خ ًهك انحبو نهحشْٕبت انشزيبَية انٕريجية ببنغاٌ ان الخلفية العلوية:

انجزاحة  ٔاحد أ اكثز يٍ انطزق الاجية: كيًكٍ عٍ طزي

 انحداخهية انطزقأ انسكيُة الاشعبعية أ انًيكزسكٕبية

يحبٔنة جحديد انعٕايم انًُبئة ببنُبجج انجزاحي الهدف هن الدراسة:

 اَصًبونًزضي انحشْٕبت انشزيبَية انٕريدية ببنًخ  انذيٍ اجزي نٓى 

 جداخهي يحبٕعب بسكيُة جبيب الاشعبعية

انذيٍ  يسحمبهية عهي كم انًزضي دراسة الوزضي ووسبئل الدراسة:

 جداخهي يحبٕعب بسكيُة جبيب الاشعبعية اَصًبو اجزي نٓى 

في انًزكز انطبي  يزيضب 93اجزيث ْذِ انطزيمة عهي  النتبئج:

 انعبنًي ٔدراسة انُحبئج ٔجحهيهٓب احصبئيب في يسحشفي بُٓب انجبيعي

سٍ انًزيض ٔحبنحّ انسزيزية  انعٕايم انًُبئة سزيزيب ْي الخلاصة:

لبم انحدخم عهي يعيبر راَكٍ انًعدل شكم انحشِٕ ٔحجًّ ٔ درجحّ 

شكم  يبرجٍ بيًُب انعٕايم انًُبئة جصٕيزيب ْي عهي يميبس سبيحزنز

 انحشِٕ ٔحجًّ ٔ درجحّ عهي يميبس سبيحزنز يبرجٍ
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